(19) 



Europilsehds Patentamt 
European Patent Otflce 
Office europfoi des brevett 



Hi 

(11) EP0 716458A2 




(12) 



EUROPEAN PATENT APPLICATION 



(21) Application number d5308S17^ 

(22) Date of fiGng: 28.11.1995 



(84) Designated Cbmract^ 
, DE raOBNL ; . 

(30) Priorityr 0aiil994 113 3530^ 

(71) Applicant: AT&T Corp: 

. * Neiv.Yorlc, W 10013-2412 (US) 

(72) inventors: ; 

• Dodabalapur, Ananth 
MURngton, New Jersey 07946 (US) 



• Torsi, tuiee 

> Murray Hill, New Jersey 07974 (US) 
\^ Kat^ Howard E. 

Summit New Jersey 07901 (US) 

(74) Reiiresentative: Johnston, Kenneth Graham 

AT&T(UK)Ltd. 
'.v.. 5 Mbmfngton Road 

Woodford Green Essex, IG8 OTU (QB) 



(54) 



Method off making an organic thin fRm transiston and article made by the method 



(57) Organic thin ffflm transistors having improved 
properties (e.g.. on/off ratio 10$ at 20*0) are disclosed. 
The improved transistors comprtee an organic active 
layer (16) of low conductivity (<5 x 10* S/cm at 20*C. 
preferably less than 10« or even 10* S/cm). A method 



d producing such materials is disclosed. Rapid thermal 
annealing was found to have beneficial results. An ex- 
emplary and preferred material is a-hexaihienyJene (a- 
6T). The improved transistors are expected to find use 
for, e.g., active liquid crystal displays and for memories. 
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Descrlpition 

Field of tho Invention 

This inventen pertains tomin film transis^ 
thm oomprise m organic active te^er, and 
of making such tiansistora.^ 

Background the Invention 

Thin film transistors (TFTs) are known, and are of '] 
considerable commercial significance. For instance, 
amorphous sBioon-hased TFTs are used In a large frac- 
tion of activ^matrix liquid crystal displays. 

TFTs with an organic active fayer are also krK>vvn. 
See. tor instance. F. Gamief et al. Science^ Vd. 265, 
pp. 1684-1686; K Koezuka ^ al. Applied Phvstes Let-> 
lere. Vd. 62 (15). pp. 1794-1796; H. FuchlgamI el al.. 
Applied PhvsieaLattBfs, Vol 63 (1 0), pp. 1 372-1 374; Q. , 
HordwiU el al.. J. Applied Physics . Vbl 70 (1), pp. 
469-475. and 3. Horowitz et al. Synthetic Metals. Vol 
41-43. pp. 1127-1130. Those devices typically arefieU 
effect transistors (FETsj: Sudi devk:es potentially have . 
significant advantages over coriventional TFTs, delud- 
ing a potentially simpler (and consequently cheaper) 
labricatbn process, the possibility for low ternperature 
processing, and compatibility with rion-glass (e.g. plaSs- 
tlc) subsuates. Bipolar transistors that utnize both p-type 
arKi n-type organic material are also known. See. for uv 
stance. US patent 5.315.129. S. Miyauchi et al, Svn^ 
thetc Metals. 41-43 (1991). pp. 1155-1158. disclose a 
junction FET that comprises a layer ol p-type polythi- 
ophene on n-type silicoa 

However, despite consUerable research and deyel- 
bpment effort, 'organte' TFTs have not yet reached conr>- 
mercializaton. at least in part due to the relatively poor 
devwe characteristics of prior art organic TFTs. 

An important device characteristic of a switching 
transistor is the orVoff ratio of the source/drain currehl 
Prior art organic TFTs typkally have relatively low on/off 
ratkw. For instance. H. Fuchigami et al (op. cit.) recently 
reported a device that had carrier mobility comparable 
to amorphous silicon, but had an on/bff ratio of only 
about 20. That paper also disctoses purtticatton of sem- 
iconducting material (PTV) to reduce the can^ler scatter- 
ing by impurities. The material had a conducthrRy in the 
range 10*5-i0^ s/cm. • 

H. Koezuka et al (op. cH.) report attainmenl of an 
on/off ratk> (modulation ratio) of the channel current of 
about IQS in a devne with doped polypyrole (a highly 
conducting poiymer)-coated source and drain contacts. 
According to these authors, this is the highest on/off ra- 
tio achieved in organw FETs. Nevertheless, the reported 
on/off ratio is stiO substantially smaller than on/off ratios 
typwally available h conventional FETs and demanded 
for many potential appricatk)ns of organic TFTs. Further- \ 
more, the organfc TFT had very tew carrier mobility (2 X 
10^ cm2/V.s). and thus wouU not have been suitable 



for high-speed operatfen. 

In view of the potential significance of organic TFTs. 
It wouU be desirable to have available such devfces that 
have improved characteristk». including improved 
on/ofl iatk> of the source/drain cun-ent This appGcatten 
discl^es such devices, and a method of making the de- 
vices. . . 

Defhiltton^m»rfQl,^;^iy 

An *organk: semiconductor" herein Is a material that 
contains a substantial amount of carton in combination 
witti other elements, or that comprises an atlotrope of 
elemental cart>oii (excluding diamond), and exhibits 
charge carrier iTwbfllty <rf at least 10-3 crrfyv-e al room 
temperature (20*0). Organic semiconductors of interest 
for TFTs typically have conduct^ity less than about 
. is/anat2(rc. v . 

; A >tifpe" Cn-type") organic semiconductor herein 
is an organic semiconductor in which the Fermi energy 
is closer to (farther from) the energy of the highest oc- 
* cupied orbital of the molecules or aggregates present in 
the miaterial than it is tp (from) the energy of the lowest 
unoccupied orbital The temi is also fritended to mean 
an organic semiconductor which transports positive 
charge carriers more (less) efficiently than negative car- 
rieni. Positive (negative) earners are generally referred 
to as "holes" Cetectrdns'). 

^ Summary of the Invanttan 

In a broad aspect the irivention Is embodied in an 
article that comprises a novel organic TFT that can have 
substantially Irhproved characteristics {e.g.. on/off ra- 
3S tfo), as compared to prior art organfc TFTs. A method of 
making the article is also disclosed. 

Speciflcaliy, the organic TFT comprises an organic 
material layer, spaced apart first and second contact 
means (e.g., gold electrodds) in contact with said layen 
^ and third contact means that are spaced from each of 
the first and second contact means and that are adapted 
for controlling, by means of a voltage applied to the third 
contact means, a current between the first and the sec- 
ond contact means through said layer. Significantly, the 
^ organic material ol the layer is selected from the group 
consisting of a-quaterthienylene (ar4T), a-hex- 
athienylene (a-6T). a-cctathlenylene (a-8T). a-pentath- 
ienytene (a-5T), a-heptathienylene (o-7T). and a-non- 
athienytene (a-9T). each with or witfKMJt substituents on 
so the 4 or 5 carbon of the terminal rings (these compounds 
win collectrvely be referred to as ■o-nT'. with n bekig an 
integer from 4 to 9). said organic material layer havkig 
an electrical conductivity of at most 5x10^ S/cm (t)ref- 
erably less than 1 x ia« S/cm) at 20"C, either the as- 
« deposited conditionor subsequent to a rapid thermal an- 
neal In currently preferred embodiments the organfc 
layer material is a-6T or a-8T with a-6T being most pre- 
ferred. 



EP 0716458A2_I.> 



3 



EP 0716 458 A2 



10 



15 



20 



We have made the surprising disweiy thai, icr^ 
and than a TFT tnai con v» ^ ^ nrooerties, iiv 

on/oB ratio. ln«'e«*?^"^*J*X^^ ^ » compara- 
teyer material can hayean«VW^«J^^ 1^^^ 

■n,in Rbn Transistor. Thus. com- 
sum invention win typcalV. i^2tJ?^S"« "<* 
prise a single organ* layer ihe ^ 
excluding the presence of. e.9.. a protective layer 

"^.STuSlpe-the inventton is en*odledin a 

^^H^^^T sti» further coniprises 
process ol P«>*«*« "^r^ ^ ^ organic solvent 
contacting said e-(r.^ ^S^aJllSthatan*^ 
«lh anon-halogenalhgwod^^^' ^ 

"^r^SrMvS^riSiSLr\,de.al.. 
mT from the moclure. as wiiio« ^ sobsleps. 

meet the specified 
can also be 8Vn»es«««»»~ ol making 

conductivity '^^''^^^^t'^LSSSffi^^ 
compounds such as a-6T Is f^^^^ — 

,^8.^ characterizing properties as "neltBig pw«. 

diflerences a« expedjdter^T^J^^^ 
,or an a^T These '*'««r^^g,o the invention 

chemical namesthat have commonV been usea 

.^T^»rs".r^^^^^ 

tiallyhigher(e.g..byatart««i"-^ The active lay 
onlyrigfrtlyp^ypea»20'C. 



-.^ fw^irtlon ^ Pr«wlnge 



no. 1 schematlcaly show, an exemplary prior art 

^;.2and3schematicallydeplcl exemplary TFT8 
accoKJif)QtothoirTventioa; 

«iectively. «-«r according to the nventon. and 

Sa^gshowsanexempterydjecuoj^-^^^ 
matrix liquidcrystal display «Mlconipnse5TMsac 

cording to the mventioa 
p^i^H>«erlDtlOW 



Fi3. 1 schematically depictsaprioratoiBBrmTTT 
lOdthemetal*su«or.semiconductorfield-m^^^ 
L,r(MIS4=ET)typ..**.e^»;™^"^' 

"^JiTLZ tet^JTIieCrcde). 

^ sS2«ssi:ss:,!:>2u.or.yer..d^ 

^^r^sch^^j-^j;^^^ 

according to the inventtoo. Tno transeiw ^ 
« X"-rate^lJ±^^-TiS^ 

SitSS^'h.transist^SOisths^^^^^ 
\. ♦mnei^teriO Howwer, the lormer comprises an »- 

~ca (ea substantially higher o™"". " rf. 
:^„J£^in current), as compared to pnor art organc 

^ ■^RO. 3 schematically depicts a^*^ jJjJS 
d the invention, namely, an organw 
trtoonductor (MES^FET 'i^"^';'^^ 
ignate. respectively, substrate, active layer, first, seeono 

and third contacts. mm TFTs according 

4s By way ol example. MS«t type Hri8^^ 

«, Jin^tlcn. with 1 2^m chainelten^ 

gatelengm-weretabrl^U-^^^ 

ductive Si substrates. Theoxide, *T^^agce,8ed 

con oxwe. • "9™ assembly at room lempeia- 
e^raporation onto the ««'»^*^, g^^ive layer was 

« rr.t:;r^-j::ers.asj^^^^ 

age Obtained Irom an exemplary TFT as descnbeo 
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abova, wdh tho active layer rnaterial (a-6T) prepared ae 
descnbed in detafl belOM 

The c^-currant (gate vottago 0 or positive, drain 
voltage -100V) was about lO-^t A. and the on/off. ratio 
was greater than 10^, The as deposited a-6T: at 20*C . 
had a conductivity below 10^ S/cmi (apprcKiniately 10^ 
S/cm), and was barely P-type (le^ It was 8tA)stantially 
intrkisic), as those skDted In tfie art wiQ recognize from 
the substantial overlap of the curves for 0-60V gate volt- 
age..- . ' ■' 

FIG: 5 shows analogous results for a TFT as de- 
scribed above, but with a-6T of somewhat higher coiv 
' ductivity (approxinriately 1 .4 xlOf S/cm) due to adven- 
titibus impurity doping. The carrier mobility was about 
. 1 -2 x,lO^ crr^N'S, and the orVpl! ratio was greaier than 
10^ for gate, vblt^es between 20V and -80V. 

As can be seen trorn the above comparative resute^ 
[ material preparation is a significant aspect of TFT^ ac- 
cording to the, kwentiofv We wil next descrS>e a novel 
method of making o-6t that can yield material of very' ' 
low conductivtty, epcemplarily.s 5 x 10^ S/cm.at 20*C. 
, Use gI Mich rrtaterial in a TFT can result in very low off- 
current, a feature that inter alia can result in high on/off 
ratio ar>d good dynamic response of the TFT. The close- 
ly related connpounds a-8T and a-4T csm t>e made by 
substantially the sarrie method. 

Matertal Preparation 

Reagent grade a-terthienyl was dissolved in at)but 
three times its weight of toluene and applied to a column 
of ten times its weight of silica gel paciced with hexane 
in a.chromatography column. The a-terthienyl was elut* 
ed from the columh with hexane and the eluate was cor>- 
centrated in vacuum. This purified a-teithieriyl (4.5 g) 
was placed in a round-txmom flask equipped with a 
magnetic stir bar, arid 400 ml of tetrahydrof uran (THF), 
freshly distilled from sodium t>enzophenone ketyl, was 
added. The flask was capped with a nibber stoppet The 
solution was then purged with nitrogen, and cooled (with 
magnate stirring) under riitrogen to <-70*C. A syringe 
containing 7.3 ml of 2.5 M n-butyflithium in hexane was 
emptied into the jnask via a needle through the stopper 
over 10 min., followed by stirring for 20 additiofiat mih- 
. utes bekyw -70*0, resulting in formation of a substantial 
quantity of a-terthienyl de-protonated in the 5 position, 
riamely, 5-iithio-a-terthienyt. A precipitate formed. The 
resulting suspensk)n was added via a cannula to a sec- 
ond stirred flask containing a non-hatogenating oxidiz- 
ing agent, e.g., 6.4 g of reagent grade ferric acetylace- 
tonate, and 150 rnl of the THF, cooled to <-70*C under 
nitfogm. The low tennperature was maintained for one 
hour after the addition; then the mixture was allowed to 
warm to ambient temperature over 5-20 hours. The re- 
maining part of the procedure is directed tomrds isola- 
tion of the a-^T. 

The susperided solkis were collected by vacuum fil- 
tratkx) and washed in sequence with 100 ml of ethyl 



. ether, 300 ml of 1% HCI lii water. 300 ml of (Dl) water. 
^ lOOmiof ethanql, and 100 mi of ether, yiekling 3.5 g of 
' crude solid product The solid was further washed with 
100 ml ea^ of 0.1% Na^COa k\ water, water, water 

5 again, etharal, rnethyl ethyl ketone, and toluene, all 
heated to just below boding and with vigorous shaking 

. to.prevent bumping. The undissolved solkis were ex- 
tracted with an tneti solvent with boiling point > 1 20^C, 
e.g., &0O ml of boirmg mesitylene urider nitrogen for one 

10 hour. The extract vvas filtered at the boBing point through 
a funnel heated with the vapors of the same solvent (e. 
g., mesitylene) tftat was boiling in the receiving. flask. 
The filtrate was allowed to cool to arnbient tenrtperalure, 
and crystals^were qbtained The supernatant was sep- 

is amted from the crystals by suctkmjriltral^ 

further extract the undissolved soUds. A total of 1 .5 g of 
crystals were obtained. Portions d 200-300 mg of the 
thus produced crystals were placed at the bottom of a 
glass subiimator measuring 5 cm in diameter arid 6-12 

so cm high. The material was 8ubiinied'>1 cm atong the 
glass tube by heating at about 300?C and 1(H torr. Alter 
cooling under yacum to arnbient temperature, the sub- 
Rmed material was scraped from the glass tube. 

The ^X3ve descrbed exemplary hovel method of 
making a-GT comprises features tfiat can significantly 
, affect product quality. Among these is the uee of a non* 
halogeriating oxidizing agent, exemplarily ferric acety* 
lacetbriate. We hiave rnade the surprising observatkxi 
that prior art (e.g.. a-CT rrade with cuprk: chkxide) 

so contains signifk:ant amounts (typicatty 0.1-1 weight per- 
cent) of chlorine. To the best of our knowledge, the pres- 
ence of this undesirable constituent was unknown up to 
now. and Is substantial absence (less than 0.1 weight 
% chlorine or other hak>gens, preferably less than 0.05 

35 wei^t%) from a-6T according to ttie invention is a sig- 
nificant aspect ot'the invention that is oonskiered impor- 
tant for attainnnent of desirably tow conductivity and/or 
high mobility. The a-6T made according to the above 
descrtoed method thus typically differs stgnifk^ntly from 

40 prtor ait a-6t with regard to elemental analysis. 

Prefen'ed methods of making a-6T also comprise 
solkS exuaction with an Inert solvent with boiling point 
greater ttian 120*C. exemplarily rriesitylene, and Isola- 
tioii of the a*6T by crystallization of the extract The pre- 

4S ferred methods further comprise a nnutti-step washing 
sequence applied to the (pr e-washed) crude solkJ prod- 
uct, and sublimation of the washed solkj product aksng 
a significant distance, typically >1 cm. 

We have also made the surprising discovery that o> 

so 6T made aocordirig to the above described method has 
a melting point that differs substantially from reported 
melting points of prior art a-6T. which are in the range 
280-307*C. Specifically, using differential scanning ca- 
torimetiy under nitrogen, we found the melting point of 

ss the novel a-6T to be about 31 3"C. as demonstrated by 
FIG 8. 

Furthemme. we have found significant differences 
between the X-ray diffraction pattems of a-6T nriade ac- 
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o» a prior art a^. See B. Seivel el at. AdanSSSMS: 

!SSS(M!?>ea«».e died article by BSen^etetaL) 
?a^;?SrJS2ZS- each are resolved Ir^o at least 

'^^S^cfiscussedobservatk^^e^ 
BTaccordingtothelnveritionlsarraterialthalcmgw 
■.^ZLJLued lilnvs that car» exist in a more stable. 

^^lr>deed. electron microscopy has coofiimed 
Tr^^S^fLaa^ accord^gtothe inv«v. 
SltX'onast^^.ratealroomterTpe.atu^c^ 
S^tVirge. anisotropic platetetswjj^le^^^ 
100-200 nm that are clearly •«'»««*»2f^^; •JJ 
tTcootrasted with similarly deposHed f art oOT 
S^T^ are reported to have grain ^'^^^ri 
Sihe isotropic grains more or less ^^^^J^ 
^ other (B. Seivet et al. Chemi^Sliteteri^. 
6 09M).^809).Theee8tnHauraldi«e«ncesare^ 

SeSriSfterence. in career mobilityrn,e«-y 
according to the mvenUon can have mobility d abw^ 
S*^S/.s.whereasthoaboved^rfce^^^ 
lerial was reported to have mobilrty ot onV 2 x l^r* 

"^currently believe that the above discussed tm- 

IflSive that halogen cor^ent ^^^'^ 
rprelerablybelowO.05 weight%)isan nvorta«lasp«* 

S^Jwel^ermaterialaccordingtome^v^^^ 
active layer material withhigher halogen content is meiy 

to have relatively low carrier mobility 

Those skiBedintheartwHIapprecetethattheabow 

des«^methodolmaldng«-6Tisexempte,y andfl^ 

'nSncation. ol me methcxi are ^f^'^^^ 
anematlveinertsoKrent«(e.g..)^er»)Js«ntor^^^^ 
to mat ol mesitylene may be used, ottier '^}^^ 
ients (e g. sec-butyllithium) may be used ln«ead 
^ZLL. and omer non-hal09«>atlng 
^rts (eg., ferric uifluorcyacetylacelonale. 
Slli ^^tylacetonate) may be "sed. Furthen««. 
Smethod is nol limited to the synthesis ot «-6T but 
ZZ% *vious modifications (-9. startmg n«^ 
S quantifies and temperatures ol solvents, sublima^ 
£; i^rature and pressure), also to the Pre^'J^ 
ol a-4T and o-8T. and to the preparation «>« ctos^fre^ 

teted conpounds such as the end^*«««'J^^ 
. tivesola-CTra-4Tanda^T.Furihem»re.atlea«the 

;:^ticn aspects of me '--^^^^^^ 
to be applicable. w«h obvious modilicattons (e.g.. use 



clsolv^rtsdappropriatepolarityandboffing^^^ 

r««iir« tamnerature and pressure) to other reeteo 
:^^:,S^SS;i«-5T.a5Tand«-9T.andtheir4or 

5 subsiriuted dertvaUves. 
s An appropriate quantity (e.g.. 50 mg)o(o^ro- 

ducedS^Sribed above was placed ntoac^ 

SSal tungsten boat in a corwentio.^^ ev^o^^ 
torn Thetose pressure in the evaporationctonlMrwffi 
torr Tt« boat was heated to about 3^ 
,0 SraSOnmthcKo^mmwasdeposrteduntfom^ 
««rana»ropriate8Ub8tiatealioomtemperature.The 
:::^ZaterialtyplcalVwa.polycrys.alline.wrt^ 
average orain sized order 100 nm 

W?lSe found that an appropriate heat trwtmert 
IS dtheas<Jeposited«-nTcanchangelhen^rphd^ 
me layer, and potentially further .nprove dewe ch^ 
iwtes. Mora spedficalV. we have ^J^"^ 
33 annealing CRTA) ol as^posled ^^J^'^^ 
a^cansubstantla»ylncreaeetheg«.nsi2eolthema^ 

parable to or even exceed the chamiel length (typ«^ 
rrin) of the intended TFT. Hthis is the case 
ie 32 layer can behave eubetantially like a «ngl. 

2S '''^''SiSSUanaMJepoeiteda-STf.lmfo^^ 
(typi«i»e*sthan10second..e.9..1second)a^at«^^ 
S« close to (cpUonaay even slightly abcve) me 
Spoint(e.g.295-315.C)«empJr2^««J^ 
in increase ol me average gram eize to ^^^^ 
«. ;.>ntherangeS-tO(^-r,^-9^de^^ 

^ or a graphite strip heater) can be used. It is an- 
S:^;;'t.;Slrphlgyo.theol^ 

35 be improved by appropriate FTTA. ^.^.qt. 

Furthem»re. we have discovered that RW^^ 
cteoosited o-type films can result n substantial de- 

on/on ratio. For instance, a ^^-"^^^^^^^ 
40 hibitedaconductivilydaboutlOr«S^c.n./W«amA 

(Se^ tor 1 second) m N^. the layer a ca^ 

^ifcid 0 7 x 10* Ston. It B expected that other 
Sld^aU^nTwinshows^Barconduct^^ 

« "^'^SaSordingfothelrwentloocanbep^xJ^^ 
substentlallythos^wayasanalogouspriorartTFT^ 
SSvUe^ tt«t a a-nT 01 me required low conductMVte 

Semplary substrates are g^ss. 
»imJtf»orl<APTON*.orSi(coatedwrth^<^« 
so ILator). use dencapsulant mat protects me actnre 

^TS^^^SSK^meim^ent^canbeused 
asaJ:rdevicesbuiwlBmor.typ«.^beuse^«^ 

tegrated circuits mat comprise a 
SB Js according to the invention. possWymconpindion 

" S;S^nt^a.semfconductorde«:e^v«mcc^ 

tors interconnecting the devices and P««"*"9 
^energizing me devices, provitfrig input signalstothe 
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ctrcuil and optionally recehnng output signals therefrom. 

By way of example, transistors according to the in- 
vention are used as current switches in liquid crystal dis- 
plays in functionaBy the same way as prior art semicon- 
ductor TFTs arje currently used This is schematically il- 
tusliated in RQ^ 9; which is based on an Uluslration at 
p. 102 of "Amorphous and Microcrystalline Devices*. J. 
Kanicki. etfitor. Artech House. Boston (1991), RQ. 9de> 
picts relevant aspects of an exemplary circuit cfiagram\ 
of an active-matrix Dquid crystal display; wherein trah^^ 
sistors 101 are TFTs acconihg tothe invention, and the 
remainder <i the circuit is coriventionaL Num^ral^: 1(^ 
referto liquid crystal, andrtumerals 103-105 refer tosig- 
nal Ihes, gate Tries and common electrode, respective*, 
ly. Video signals .and gate ptilses are also shown sche^ 
matically r- ' ^ ^ 



Claims 

1. An article comprising a thin film transistor (e.g.. 20) 

comprising 

a) a layer (16) of organic material; 

b) spaced apart first and second contact means 
(12. 13) in contact with said layer, and 

c) third coritact means (14) that are spaced 
from said first and second contact means arid 
that are adapted for controlling, by means of a . 
voitiage applied to the third contact mearis. a 
current between the first and second contact 
means through said layer CHARACTERIZED 

. INTHAT 

. . d) the organic material is selected from the 
. group consisting of a-nT, with n being ah inte- 
ger from 4 to 9; all with or without substituent 
on the 4- or Scarton on the terminal rings, and 
e) has an electrical conductivity of at most 5 x 
10^S/cmat20*a 

2. An article accordingtoclaiml. wherein the organic 
material is selected from a-ST and a-8T, both with 
or without said substituent 



rent greater than 10^. 

7. An article according to claim 1 . wherein the organic 
materal has a conductivity of at rnost 5 x 1()^ S/cm 
5 in the as-depo^ted condition. 

& A method of making a thin film transistor that com> 
prises an a-mT active layer where m s 4, 6 or 8. an 
with or without 8uk>stituent on the 4- or 5-carbon on 
yo the terminal rings, the method comprising 

' ■C j 

a) providing a quantity of a-mT, said a-mT pro- 
duced by amethod that comprises providing a- 
(ni/2) thienyl, de-prolohaled in the 5-position, 

rs in an organic solvent; and 

b) depositing a layer of said a-mT on a sub- 
strate; CHARACTERIZED IN THAT said meth- 
od of producing said quantity of a-mT further 
corrtprises 

20 c) contacting said deprotonated a-(m/2) thienyl 

in the organic solvent with a non-halogenatfrtg 
oxidizing agent such that an a-mT containing 
mixture is fomned; and 
d) isolating said a-mT from said mixture, 

25 

a Method according to claim 8. wherein the deproto- 
nated o-(m/2) thienyl is 5-tithiOHx-terthlenyl, and the 
a-mTisorST. 

30" IOl Method according to clarn B, wherein step d) com- 
prises washing the a-mT with solvents, and option- 
' aDycdrnprisesoneorbothof 

. ; ' i) recrystalHzation of the a-mT under inert con- 
as . dttions; and 

ii) sublimation of the a-mT under vacuum. 



40 



3. An article according to claim 2. wherein the organic ^ 
material contains less than 0.1 weight percent hal- 
ogen. 

4. An article according to daim 3, wherein the organic 
material is a-6T and has a melting point of about so 

313»C; 



5. An article according to claim 4. wherein the layer of 
organic material is a polycrystaOine layer whh aver* 
age crystat&te size of at least 2^im. 

6. An article according to claim 1 . wherein the thin film 
transistor has an on/off ratio ol a source/drain cur- 



7 



BNSOOCID- «EP a7164SBA2J_> 



EP0716 458A2 





F!G. 3 ^ /35 

/34 



EP 0716 458 A2 



FIG, 4 



10-5 

10-8 
10-9 

10-^1 

10-" 




I ' r 




-20 -40 -60 
DRAW VOLTAGC (V) 



-80 -100 



-80 
-60 
-40 

-20 



0,20 3 
40. 60 



FIG. 5 



10-5 


I «— T > 1 r— 1 , p— , J 


io-« 











lO"* 






10-9 






,0-10 






10-" 






,0-12 


: 1 1 1 1.. 1 


i 1 1 . 



-20 -40 -60 -80 
ORAM VOLTAGE (V) 



-80 
-60 
-40 

-20 



0. 20 
40. 60 



-100 



BNSOOCID <EP 07l645eA2_l.> 



9 



EP0716 458A2 



FIC. 6 




II 10 20 30 Mi io 60 
28 (DEGREE) 



FIG. a 




10 



EP 0716 458 A2 




BNSOOCIO: <EP 07164SeA2J.> 



11 



(11) EP 0 716 458 A3 

(12) EUROPEAN PATENT APPUCATION 

(88)DateotpubricationA3: (51) lntCK«: HOI L 51/20. H01L 51/30, 

26w11.1997 Bull«tln 1997/48 f^QI L 51/40 

- (43) Date of publtcatibri A2: , . = . 
• ;■ / 12.Oa1^.BuU0ttn^1996/24,^^ ,^ 

/ (2i)| i^pllcat^ i 

(a) Meof ii!ing: 2ai1.199S 



(84) Designated Contracting States: 


• TorstyLuisa 


DEFRGBNL 


Murray Hill, New Jersey 07974 (US) 




• Katt, Howard E. 


(30) PriCMity: 0ai2.1994 US 3S3032 


Summtt, New Jersey 07901 (US) 


(71) Applicant: AT&T Corp. 


(74) Representative: Johnston, Kenneth Graham 


New York, NY 10013-2412 (US) 


Lucent Technologies (UK) Ltd^ 




5 Mornington Road 


(72) Inventors: 


Woodford Green Essex, 108 OTU (QB) 


• Dodabatapur, Ananth 




Mnilngton, New Jersey 07948 (US) 





(54) Method of making an organic thin film transistor, and article made by the method 



(57) Organic thin film transistors having improved 
properties (e.g.. on/bff ratto > 10^ at 20*C) are disclosed 
The improved transistors comprise an organic active 
layer (16) of low conductivity (<5 x 10^ S/cm at 20<'C/ 
preferably less than 10^ or even 10^ S/cm). A method 



EuropSlsehes Paftentamt 
(19) /)||| European Patent Office 

Office europeen dee brevets 



of producing such materials is disclosed Rapid themial 
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for, e.g.. active liquid crystal displays and for memories. 
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